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SPECIFICATION 

20 TITLE OF THE INVENTION 

Process for preparation of epoxydiphosphonate 

CLAIMS 

1. A process for preparing an epoxyester of a diphosphonic 
25 acid represented by the following formula: 

it 

i 

(HO) t P- C - P (OK), 
II I II 
O OH O 

wherein R represents a hydrocarbon group, 
30 the process comprising: 

allowing the diphosphonic acid represented by the above 
formula or a partially neutralized acid salt thereof to react 
with one or two or more polyepoxy compounds having two or more 
oxirane groups in the molecular structure in a molar amount at 
35 least equivalent to that of the POH group in the phosphonic acid. 
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2. A process for preparing an epoxyester of a diphosphonic 
acid represented by the following formula: 

B 

5 (ho), p-c ~ p com, 
II i II 

O OH O 

wherein R represents a hydrocarbon group, 
the process comprising: 

allowing the diphosphonic acid represented by the above 
10 formula, an acid salt or a neutral salt thereof to react with 
an epihalohydrin; and 

treating the resulting product with an alkali if one of 
the former two is used, 

15 DESCRIPTION OF THE INVENTION 

The present invention relates to a process for preparing 
a novel epoxyester of a diphosphonic acid represented by the 
following formula: 

& 

2 0 (HO), P- C - P (OH), 

II t II 

O OH O 

wherein R represents a hydrocarbon group. 

Epoxy resins have been widely used in adhesive agents, 
electric insulation materials, coatings, and the like, and 

25 exhibit high performance. Epoxy resins, however, fail to 

satisfy required levels in some properties. For example, for 
electric insulation materials and coatings, and processing of 
resins, properties of flame retardance and incombustibility are 
required for safety. There have been some studies conducted 

30 to satisfy this demand. In these studies, a curing agent such 
as anhydrous halogen containing-carvone, a flame retardant 
containing antimony, a halogen, phosphorus, or the like are used 
to improve the properties. In order to allow the reaction to 
proceed, these substances cannot be added in amounts over 

35 certain levels, and thereby do not necessarily produce 
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sufficient effects. When used in a coating, epoxy compounds 
show relatively excellent adhesivity compared to other 
materials; however, it is difficult to provide 
anti-corrodibility and durability to the coating with the epoxy 
5 compounds . 

In fields in which flame retardance and 
anti-corrodibility are required, phosphoric acid compounds of 
various types have been conventionally used. Most of these are 
esters of ortho- or metaphosphoric acids, that is, phosphates 

10 and phosphites, and include a P-O-C bond or a phosphonic acid 
ester bond. Apart from these compounds, compounds having a P-C 
bond, which has a higher bond energy than that of the P-O-C bond, 
such as phosphonates are chemically and thermodynamically 
stable, and are expected to show industrially favorable 

15 performance. Phosphonates are typically synthesized through 
a reaction such as the Grignard reaction, an addition reaction 
of a phosphine or phosphite to an unsaturated group, or the 
Arbuzov reaction. In these reactions, reaction conditions are 
restricted, the reaction processes requires a long time, and 

20 synthesis paths of reagents used in the reaction are long. For 
these and other reasons, the product cost is high. In addition, 
products through such a reaction have a configuration of some 
determined type. Therefore, these compounds have not been 
widely used. 

25 The present inventors studied on preparation and use of 

inexpensive and stable phosphonate to find specific performance 
of 1-hydroxyethane-l , 1-diphosphonic acid synthesized through 
the reaction between acetic acid or acetyl chloride, and 
phosphoric acid or trichlorophosphate . This diphosphonic acid 

30 have been typically proposed for use in metal ion blocking 
agents, detergent builders, additives for dentifrices, 
additives for inorganic slurries, and the like. The present 
inventors, however, focused on the characteristics and 
properties of this diphosphonic acid that this diphosphonic 

35 acid has the skeleton capable of easily reacting with a metal 
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to form a chelate, that this diphosphonic acid easily 
synthesizes novel polymeric unsaturated diphodphoric acids 
capable of forming a chelate bond with compounds of various 
types, that these epoxy diphodphoric acid compounds easily 
5 provide flame retardance owing to its high P content, and that 
these epoxy diphodphoric acid compounds are capable of forming 
a chelate bond. Considering these facts, the present inventors 
found that these epoxy resin compounds are advantageously used 
as base materials in aqueous adhesive agents, aqueous coatings, 

10 electric insulation materials and the like, and as flame 

retardants for various compounds. Thus, the present inventors 
completed the present invention. 

The process for preparing an epoxyester of a diphosphonic 
acid represented by the above formula of the present invention 

15 includes a step of allowing a diphosphonic acid represented by 
the above formula or a partially neutralized acid salt thereof 
to react with polyepoxy compounds having two or more oxirane 
groups in the molecular structure in a molar amount at least 
equivalent to that of the POH group in the phosphoric acid so 

20 that one of the oxirane groups is lost by the addition reaction 
and the other oxirane groups are remained; steps of allowing 
a diphosphonic acid represented by the above formula or rp acid 
salt thereof to react with an epihalohydrin, and treating the 
resulting product with an alkali to form an oxirane; or a step 

25 of allowing a neutral salt of a diphosphonic acid represented 
by the above formula I to react with an epihalohydrin so that 
the desalt reaction occurs. 

In diphosphonic acids represented by the above formula 
used in the present invention, R may be a lower alkyl group such 

30 as methyl or ethyl group, a higher alkyl group such as stearyl 
group, or a cyclic hydrocarbon group such as phenyl group. 
However, in order to yield an aqueous product, R is preferably 
a group having not more than eight carbon atoms. Examples 
thereof include 1-hydroxyethane-l, 1-diphosphonic acid, 

35 1-hydroxypropane-l , 1-diphosphonic acid, 
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1-hydroxybuthane-l, 1-diphosphonic acid, 
1-hydroxyphenylmethane-l, 1-diphosphonic acid, and 
1-hydroxystearylmethane-l, 1-diphosphonic acid. 

Examples of the polyepoxy compounds include glycidyl 
5 epoxy compounds such as glycidyl esters and glycidyl ethers, 
epoxidized polyolefin compounds, epoxidized animal or 
vegetable oils, and alicyclic epoxy compounds. Specific 
examples of these include diglycidyl ether, butanediol 
diglycidyl ether, glycerin triglycidyl ether, polyethylene 
10 glycol diglycidyl ether, polypropylene glycidyl ether, 

bisphenol A diglycidyl ether, dipenthen dioxide, cyclopentane 
diene dioxide, diglycidyl esters of dimer acids, epoxidized 
vegetable oils, 

3, 4-epoxycyclohexyl-3, 4-epoxycyclocarboxylate . 

15 In the reaction between a diphosphonic acid represented 

by the above formula and polyepoxy compounds, the polyepoxy 
compounds are used in an amount of 4 mol or more with respect 
to 1 mol of the diphosphonic acid. If a partially neutralized 
acid salt such as an alkaline metal salt or an ammonium salt 

20 of a diphosphonic acid is used, the polyepoxy compounds are 
preferably used in a molar amount equivalent to or more than 
that of the POH group. The conditions for the reaction ^r.e not 
particularly limited, and it is preferable that a diphosphonic 
acid or a salt thereof is added to polyepoxy compounds . In this 

25 case, if the molar amount of polyepoxy compounds is less than 
the molar amount of the POH group, the polymerization reaction 
may occur. The reaction temperature is from room temperature 
to 100°C. A compound that effectively serves as an 
epoxy-ring-opening catalyst such as a tertiary amine, 

30 quaternary amine, boron complex, or metal complex may be used, 
if necessary. Examples of particularly preferable catalysts 
include triethylamine, tri-n-butylamine, pyridine, 
dimethylaniline, N,N-dimethyl para-toluidine, trimethyl 
benzil ammonium chloride, dodecylpyridinium chloride, 

35 trif luoroboron etherate, ferrocene, titanocene, zirconocene, 



ammonium tris acetylacetonato, and zirconium tetrakis 
acetylacetonato . 

Examples of epihalohydrins used in the present invention 
include epichlorohydrin, epibromohydrin, and halogenated 
alcohol glycidyl ether such as 

1- (l-chloro-2-hydroxypropoxy) -butane-4-glycidyl ether, and 

2 - chloroethyl-1- glycidyl ether . 

In the reaction involving a neutral salt of a diphosphonic 
acid represented by the above formula such as a salt with an 
alkaline metal, for example, lithium, sodium or potassium, or 
a salt with an amine, for example, a tertiary amine, an 
epihalohydrin is used in an amount of 2 to 4 mol with respect 
to 1 mol of the diphosphonic acid to desalt and epoxidize the 
salt. In the reaction between a diphosphonic acid represented 
by the above formula or an acid salt thereof and an epihalohydrin, 
the epihalohydrin is used in an amount of 2 to 4 mol with respect 
to 1 mol of the diphosphonic acid or the acid salt thereof to 
allow the addition reaction to occur. Subsequently, the 
resulting product is treated with an alkaline compound such as 
lithium hydroxide, sodium hydroxide, potassium hydroxide, 
sodium carbonate, potassium carbonate, or potassium acetate so 
that the halohydrin group is desalted and the ring is closed* 

Epoxy esters of diphosphonic acids represented by the 
above formula produced as described above are excellent in 
ability to form a chelate with a metal, and easily achieve flame 
retardance. Application of such epoxy esters in wide 
industrial fields is demanded. These compounds are suitably 
used as flame retardant epoxy resin base materials or epoxy base 
materials capable of forming a chelate bond in adhesive agents, 
resins, coatings, and the like. 

Hereinafter, examples of the present invention are 
described. The units "part" and x> %" in examples are based on 
weight . 



Example 1 



An amount of 53 parts of diglycidyl ether was added to 
34.3 parts of 60% aqueous solution of 

1-hydroxyethane-l, 1-diphosphonic acid, and the mixture was 
heated to 80°C under stirring. The reaction was terminated 30 
minutes later. The pH of the reaction system was not higher 
than 1 before the reaction, and was 5.8 after the reaction. The 
reaction product was a hyaline sticky fluid. The reaction 
product was dehydrated with anhydrite magnesium sulfate to 
yield a product. The results of the elemental analysis on the 
product showed that the product had a P content of 8.67% (8.93% 
calculated based on the following formula) , and an epoxy 
equivalent of 173. The result of the infrared absorption 
analysis showed that the product intensely absorbed infrared 
light at 755 cm" 1 , 1000 cm" 1 , 1040 cm" 1 , 1145 cm" 1 , 1285 cm" 1 , 2950 
cm" 1 , and 3050 cm" 1 , and corresponds to the compound represented 
by the following formula. The viscosity of a 16% aqueous 
solution of the compound was 18 PS (18°C) . 



Example 2 

An amount of 81.6 parts of glycerin diglycidyl ether was 
added to 34.3 parts of 60% aqueous solution of 
1-hydroxyethane-l , 1-diphosphonic acid, and 0.2 parts of 
N,N-dimethyl para-toluidine was added to the mixture. The 
mixture was heated to 80°C under stirring. The reaction was 
terminated 40 minutes later. The pH of the reaction system was 
not higher than 1, and was 6.1 after the reaction. The reaction 
product was hyaline and sticky, and had a viscosity of 21 PS 
(19°C) . Portion of the reaction product was dehydrated with 
anhydrite magnesium sulfate to provide a product. The results 
of the elemental analysis on the product showed that the product 
had a P content of 6.29% (6. 47% calculated based on the following 
formula), and an epoxy equivalent of 239. The infrared 
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absorption analysis revealed that the product corresponds to 
the compound represented by the following formula. The 
obtained product was diluted with water, methanol or ethanol . 

I (CH f -CH-CH t -0-CH,-CH-CH t -0~CH 1 -CH-CH t O) t P 
O OH OH 

C (OH) CH, 

Example 3 

An amount of 81.6 parts of glycerin diglycidyl ether and 
0.1 parts of trimethylbenzyl ammonium chloride were added to 
67.0 parts of 40% aqueous solution of 

1-hydroxyphenylme thane- 1, 1-diphosphonic acid, and the mixture 
was stirred. Then, the mixture was allowed to react while being 
heated to 80°C for 30 minutes to yield a transparent light yellow 
liquid. The pH of the reaction system was not higher than 1 
before the reaction, and was 5.7 after the reaction. Portion 
of the reaction product was dehydrated with anhydrite sodium 
sulfate to yield a product. The results of the elemental 
analysis on the product showed that the product had a P content 
of 5.78% (6.08 % calculated based on the following formula), 
and an epoxy equivalent of 225. The infrared absorption „ . 
analysis revealed that the product corresponds to the compound 
represented by the following formula . The obtained product was 
diluted with water, methanol or ethanol. 

r °> 

it 

KC^^-CH 1 ~0-CH t -CH-CH t -O-CH t -CH-CH t 0) t P 

O OH OH 

C(OH)C.H p 

Example 4 

An amount of 67.2 parts of dipenthen dioxide, 0.1 parts 
of tri-n-butylamine and 0.1 parts of aluminum tris 
acetylacetonato were added to 34 . 3 parts of 60% aqueous solution 
of 1-hydroxyethane-l, 1-diphosphonic acid. The mixture was 
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heated to 80°C, and the reaction was allowed to proceed for 40 
minutes. Portion of the reaction product was dehydrated and 
purified with anhydrite magnesium sulfate to provide a product . 
The product was a transparent light yellow sticky fluid and had 
5 a viscosity of 12 PS (23°C) . The pH of the reaction system was 
not higher than 1, and was 6.3 after the reaction. The results 
of the elemental analysis on the purified dehydrated product 
showed that the product had a P content of 6.74% (7.06% 
calculated based on the following formula) , and an epoxy 
10 equivalent of 220. The infrared absorption analysis revealed 
that the reaction product mainly corresponds to the compound 
represented by the following formula . The obtained product was 
easily soluble in methanol or ethanol. 



20 3, 4-epoxy-6-methylcyclohexylmethyl-3, 4~epoxy-6-methylcycloh 
exane carboxylate and 0.2 parts of tri-n-butylamine were added 
to 34.3 parts of 60% aqueous solution of 

1-hydroxyethane-l, 1-diphosphonic acid, and the mixture was 
heated to 80°C under stirring. The reaction was allowed to 

25 proceed for 50 minutes . The reaction product was a light yellow 
liquid. Portion of the product was azeotropically dehydrated 
with benzene, and excessive benzene was removed to provide a 
light yellow sticky fluid. The fluid had a viscosity of 14.5 
PS. The results of the elemental analysis on the purified 

30 dehydrated product showed that the product had a P content of 
4.31% (4 . 50% calculated based on in the following formula), and 
an epoxy equivalent of 345. The infrared absorption analysis 
revealed that the product mainly corresponds to the compound 
represented by the following formula. 
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Example 5 



An amount of 112 parts of 



35 



II o 

(. .C OCB, ^ \ II 



C(OH)CH, 



Example 6 

An amount of 16 parts of sodium hydride dissolved in 34 
parts of water was added to neutralize 34 . 3 parts of 60% aqueous 
solution of 1-hydroxyethane-l, 1-diphosphonic acid to yield the 
Na salt. An amount of 8 3 parts of epibromohydrin was added to 
the salt, and the reaction was allowed to proceed at 70°C for 
40 minutes, and then terminated. Portion of the reaction 
product was dehydrated with toluene, and epibromohydrin in the 
product was removed in vacuo to provide the salt. The obtained 
salt was filtered off to provide a light yellow sticky fluid. 
The fluid had a viscosity of 13.2 PS (18°C) . The results of 
the elemental analysis on the purified product showed that the 
product had a P content of 15.01% (15.27% calculated based on 
the following formula), and an epoxy equivalent of 102. Only 
a slight amount of the halogen was remained therein. The 
analysis revealed that the structure of the product corresponds 
to the following formula. 



Example 7 

An amount of 8 parts of sodium hydride dissolved in 17 
parts of water was added to neutralize 34 . 3 parts of 60% aqueous 
solution of 1-hydroxyethane-l, 1-diphosphonic acid. 
Thereafter, 28 parts of epibromohydrin was added thereto, and 
the reaction was allowed to proceed at 80°C for 40 minutes . The 
reaction fluid was transparent light yellow. The reaction 
liquid was cooled to 30°C, and 8.0 parts of sodium hydride 
dissolved in 17 parts of water was added to the reaction liquid, 
and the resulting mixture was stirred for 20 minutes. The 




mixture was further heated to a temperature of 60°C to 7 0°C, 
and the reaction was allowed to proceed for 40 minutes. The 
pH after the reaction was 7.6. The reaction product had an epoxy 
equivalent of 43.5. An amount of 40 parts of triethylene 
tetramine was added to 40 parts of the reaction liquid, and the 
mixture was allowed to stand at room temperature for 30 minutes, 
and then heated to 60°C to yield a hydrated transparent light 
yellow resin. Fire disappeared immediately after the resin was 
removed from a burner, indicating that the resin was flame 
retardant . 

Example 8 

An amount of 8 parts of sodium hydride dissolved in 17 
parts of water was dropwise added to 34.3 parts of 60% aqueous 
solution of 1-hydroxyethane-l, 1-diphosphonic acid under 
stirring to allow the reaction to proceed. Thus, an aqueous 
solution of the 1-hydroxyethane-l, 1-diphosphonic acid 
disodium salt was obtained. An amount of 2 6.5 parts of 
diglycidyl ether was added thereto, and the reaction was allowed 
to proceed at 80°C for 50 minutes to yield a transparent light 
yellow sticky fluid. The pH of the solution was 6.9 after the 
reaction. Portion of the reaction fluid was dehydrated *nd 
purified. The results of the elemental analysis on the purified 
dehydrated product showed that the product had a P content of 
11 . 94% (12 . 15% calculated based on the following formula) . The 
infrared absorption analysis revealed that the product 
corresponds to the following formula. The product was soluble 
in water and ethanol, and cured with triethylenediamine to 
provide a transparent light yellow flame retardant resin. 




o 



Reference examples 1 to 4 

An amount of 10 part of each of the novel epoxy 



12 



diphosphonates prepared in Examples 1 to 4 was cured with the 
epoxy curing agent shown in Table 1 to provide cured flame 
retardant resins (each assigned to Reference examples 1 to 4) . 
Table 1 shows the flame retardance of the obtained resins. 



Table 1 





Curing agent 


Curing time 
(min) 


Incombustibility 


Reference 
example 1 


Diethylenetriamine 
2 parts 


25 


Fire disappeared 
immediately after 
removal from a burner. 


Reference 
example 2 


Diethylenetriamine 
2.5 parts 


20 


Fire disappeared 
immediately after 
removal from a burner. 


Reference 
example 3 


Triethylenetetramine 
2.5 parts 


15 


Fire disappeared 
immediately after 
removal from a burner. 


Reference 
example 4 


Triethylenetetramine 
1.5 parts 


| 20 


Fire disappeared 
immediately- after 
removal from a burner. 



Reference example 5 

An amount of 3 parts of hexamethylenediamine was added 
to 15 parts of the product obtained in Example 5, and the 
resulting mixture was sufficiently stirred. An adhesion test 
was performed using the materials shown in Table 2 . Favorable 
results were obtained in either case, that is, the wood 
materials were broken. Fire disappeared immediately after the 
cured resin was removed from the burner, indicating that the 
cured resin was flame retardant. 
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Table 2 



Material 


Curing condition 


Tensile strength, shear 
strength (kg/ cm 2 ) 


Lauan plywood*- 
soft steel 


25°C, 24 hours, 
60% pH 


115 


Lauan plywood- 
lauan plywood 


Same as above 


121 



^Thickness : 5mm, First grade 
25 mm width x 125 length 



